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  Efficiency of membrane processes is greatly affected by the flux reduction due to the 
deposits formation at the surface and/or in the pores of the membrane. Efficiency of 
membrane processes is affected by cleaning procedure applied to regenerate flux. In this 
work, flux recovery of ceramic tubular membranes with 50 and 200 nm pore size was 
investigated. The membranes were fouled with reconstituted whey solution for 1 hour. Af-
ter that, the membranes were rinsed with clean water and then cleaned with sodium hyd-
roxide solutions or formulated detergents (combination of P3 Ultrasil 67 and P3 Ultrasil 
69). Flux recovery after the rinsing step was not satisfactory although fouling resistance 
reduction was significant so that chemical cleaning was necessary. In the case of 50 nm 
membrane total flux recovery was achieved after cleaning with 1.0% (w/w) sodium hyd-
roxide solution. In the case of 200 nm membrane total flux recovery was not achieved 
irrespective of the cleaning agent choice and concentration. Cleaning with commercial 
detergent was less efficient than cleaning with the sodium hydroxide solution.  
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INTRODUCTION 
 
  Pressure-driven membrane processes are widely employed in the diary industry. Mic-
rofiltration and ultrafiltration are used in the pretreatment of milk as well as in the pro-
cessing of side products. One of the main side products is whey solution, particularly in-
teresting for its further processing, mainly because of the nutritionally and pharmaceu-
tically valuable proteins. Whey proteins are concentrated and fractionated using microfil-
tration and ultrafiltration techniques.  
  Membrane processes efficiency is greatly affected by the flux decrease during opera-
tion due to the membrane fouling. Consequently, membranes used in the diary industry 
are usually cleaned once per day (1), in order to regenerate the permeate flux. Cleaning of 
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the membranes, made of the different materials (ceramic, stainless steel, PES, PVDF, 
etc.) fouled with milk or whey proteins has been investigated so far (1-8). As cleaning 
agents, caustic solutions (1-6) and formulated detergents (6-8) were found to have posi-
tive effect on the flux recovery, while cleaning with acid solution was found to have ne-
gative effect (1). Generally, the choice of cleaning method depends on the module con-
figuration, the chemical and physical resistance of the membrane and ancillary equipment 
and the nature of the fouling (2). Previous investigations of the fouling mechanism have 
shown that the fouling depends on the pore size and filtering layer material (alumina, zir-
conia) (9). In view of these results, we assumed that the cleaning procedures for an alu-
mina and a zirconia membrane should be different.  
  The objective of this work was to study cleaning of the tubular ceramic membranes 
with an alumina or zirconia filtering layer, fouled with whey proteins, and to compare 
efficiency of two chemicals (commercially available detergent and NaOH), each applied 
in two concentrations. 
 
 
EXPERIMENTAL 
 
  Experimental set-up 
  All experiments were performed on a microfiltration/ultrafiltration experimental set-
up made of stainless steel (Fig. 1). The feed solution was pumped to the membrane 
module by the rotary vane pump PO511 (Cmf, Italy). Transmembrane pressure across the 
membrane module and constant flow were adjusted by the bypass valve and the main 
flow valve. The TMP was monitored by the manometers while the flow was measured by 
the rotameter. The retentate and permeate were both recycled in the feed tank. The tem-
perature was kept constant and monitored by a digital thermometer into the feed tank. 
The permeate was collected in the container placed on the digital balance (EW 1500-2M, 
KERN Germany) and continuously weighed while the data were transferred to a personal 
computer.  
 
Discharge
Permeate
Module
Pump
Digital
balance
To PC
Heating
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 Membranes.  Two Membralox monotubular ceramic membranes, 250 mm long, with 7 
mm ID and 10 mm OD, were used (SCT, Bazet, France). The membrane of 50-nm mean 
pore size made of ZrO2 filtering layer on an α-alumina support and the membrane of a 
200-nm mean pore size made of an α-alumina filtering layer on an α-alumina support, 
were applied. The active filtering area of both membranes was 46.2 cm
2. 
  Fouling. A reconstituted whey solution was chosen for the fouling trials. The whey 
powder composition was as follows: 11.8% (w/w) proteins, 75.0% (w/w) lactose, 3.3% 
(w/w) fat, 9.5% (w/w) ash and 2.3% (w/w) water (Donated by the Novosadska mlekara, 
Serbia). The whey powder was dissolved in deionised water in a concentration 10 g/L. 
The natural pH of the reconstitute whey solution was 6.0 without adjustment. 
  Cleaning agents. Deionised water was used as rinsing fluid prior to and after the clea-
ning with an alkaline solution or with an enzymatic detergent developed for the cleaning 
purposes in dairies. Sodium hydroxide (Lach-ner, Czech Republic) solutions of 0.2 and 
1.0% (w/w) were used as alkaline cleaning agent. Along with the caustic cleaning, the 
cleaning with commercially available detergents P3-ultrasil 67 and P3-ultrasil 69 (Hen-
kel, Germany) was studied. The enzymatic cleaning solutions were made using both de-
tergents in the following concentrations: 0.5% (w/w) P3-ultrasil 67 + 0.8% (w/w) P3-ul-
trasil 69 and 0.75% (w/w) P3-ultrasil 67 + 1.2% (w/w) P3-ultrasil 69. Data acquired from 
the declaration of detergents were as follows:  P3-ultrasil 67 consists of two main clea-
ning components: alkylamine oxide (15-30%) and proteolytic enzyme (<5%) while P3-
Ultrasil 69 contains phosphonates (5-15%) and salts of organic acids (5-15%) [7]. 
 Operating  conditions.  Experiments consisted of the following steps: pure water flux 
measurement, fouling, rinsing, chemical cleaning, rinsing, and pure water flux measure-
ment. The operating conditions applied with both membranes are given in Table 1. Rin-
sing and chemical cleaning was carried out for 30 min, with full recycle. For each expe-
rimental step, 3 L of the feed solution were used. If the pure water flux was not restored 
after the examined cleaning procedure, the membranes were cleaned according to the 
standard procedure recommended by the membrane supplier. 
 
Table 1. Operating conditions for the fouling and cleaning procedure 
 
Step  v (m/s)  TMP (kPa)  t (min)  T (
oC)  Feed stream  
Pure water flux 
measurement   1.73 30 30  25  Water 
Fouling 0.43  30  60  25  Whey  (10g/L) 
Rinsing 1.73  30  30  25  Water 
Cleaning   1.73  30  30  50  NaOH/ P3-Ultrasil 
Rinsing 1.73  30  30  25  Water 
Pure water flux 
measurement  1.73 30 30  25  Water 
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  Rinsing and cleaning efficiency. Rinsing and cleaning efficiency was evaluated in 
terms of fouling resistance reduction during the rinsing and cleaning of membranes. Re-
sistances can be calculated using Darcy’s law: 
 
J
TMP
R
μ
=                   [1] 
 
where R is the resistance (m
-1), TMP is the transmembrane pressure (kPa), J is the per-
meate flux (m
3m
-2h
-1), and μ is the dynamic viscosity (Pa s). Darcy’s law equation can be 
used for the calculation of all resistances using corresponding permeate flux measured 
during the given experimental step. 
  The membrane performance during fouling can be evaluated by the relative flux de-
cline (RFD) during whey filtration and the fouling resistance at the end of fouling step 
(Rf). The relative flux decline can be derived from the equation: 
 
(%) 100 )
J
J
1 ( RFD
0 w
f − =                  [2] 
 
where Jf is the permeate flux during filtration of reconstituted whey solution (m
3/m
2h) 
and Jw0 is the pure water flux before any fouling experiment (m
3m
-2h
-1). The total resis-
tance at the end of filtration actually represents the sum of two resistances: the initial 
membrane resistance (Rm) and the fouling resistance (Rf): 
 
f m tf R R R + =                 [3] 
 
  The cleaning efficiency can be characterized by two terms: the percent flux recovery 
(FR) and the hydraulic cleanliness criterion (HCC). Percent flux recovery can be estima-
ted from the following equation: 
 
% 100
R
R
FR
cm
m ⋅ =      [4] 
 
  From the hydraulic point of view, a membrane can be considered as clean when the 
following condition is satisfied (Arguello et al., 2005): 
 
067 . 0
R
R R
m
m cm ≤
−
     [5] 
 
  The difference between the resistance of the cleaned membrane and the initial hyd-
raulic membrane resistance can appear due to the irreversible fouling. APTEFF, 39, 1-212 (2008)   UDC:  542.816:637.344:66.013.8 
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RESULTS AND DISCUSSION 
 
 Fouling  of  membranes 
  The relative flux decline registered during the filtration of reconstituted whey solution 
is shown in Fig. 2а) for M50nm and in Fig. 2b) for M200nm. For both membranes, the 
permeate flux declined during whey filtration until pseudo-steady state flux was reached. 
For the M50nm the relative flux decline was about 90%, while, for the M200nm it was 
about 97%. The absolute flux decline was considerable, especially for the M200nm, con-
sidering that the initial flux for the clean M200nm was much higher than for the M50nm 
(about 580 (Lm
-2h
-1) versus 250 (Lm
-2h
-1)). More intensive decrease of the flux observed 
for the M200nm can be explained by more intensive adsorption-related pore blockage 
(9).  
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Figure 2. Relative flux decline during filtration of reconstituted whey solution: a) for 
50nm membrane, b) for 200nm membrane 
 
 Rinsing  efficiency 
  Fouling experiment was followed by the rinsing with pure water in order to remove 
fouling deposit bound to the membrane surface. Fouling resistance after filtration of 
whey solution was in average 53.9·10
11 ±2.6·10
11 (m
-1) for the M50nm (Fig. 3a) and 
53.5·10
11±2.3·10
11 (m
-1) for the M200nm (Fig. 3b). Resistance after the rinsing was 
16.32·10
11 ±2.2·10
11 (m
-1) for the M50nm and 16.7·10
11±1.32·10
11 (m
-1) for the M200. 
The rinsing efficiency, calculated using equation [4] was about 70% for the M50 and 
about 68% for the M200. During the rinsing step, the applied shear velocity of 1.73 m/s 
which has produced turbulent flow (Re = 12110) was not sufficient to remove fouling de-
posits. Nevertheless, the rinsing efficiency was slightly higher in the case of the M50nm 
because the fouling occurred probably on the membrane surface as the concentration po-
larisation layer which can be easily flushed. On the other hand, in the case of the 
M200nm prevailing fouling mechanism is very likely the pore blockage, so that the rin-
sing of surface deposits has a lower effect. However, for both membranes, rinsing with 
pure water is not sufficient and chemical cleaning is necessary to achieve adequate flux 
restoration. APTEFF, 39, 1-212 (2008)   UDC:  542.816:637.344:66.013.8 
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Figure 3. Reduction of the fouling resistance after rinsing with pure water: a) for 50 nm 
membrane, b) for 200 nm membrane 
 
  Cleaning efficiency evaluation 
  Cleaning efficiency was evaluated in two ways: as the flux recovery and hydraulic 
cleanliness criterion. Cleaning of the M50nm with 1.0 % (w/w) caustic solution gave the 
97% flux recovery (Fig. 4a). Cleaning of the M50nm with commercial detergents was 
less efficient, but the flux recovery increased from 60 to 75% with increasing the deter-
gent concentration. For the M200nm, total flux restoration was not achieved, irrespective 
to the chemical cleaning agent and its concentration (Fig. 4b).  
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Figure 4. Flux recovery after cleaning: a) for 50 nm membrane, b) for 200 nm membrane 
 
  The best flux recovery (about 78%) was achieved by cleaning with 1.0 % (w/w) so-
dium hydroxide solution. Also, the increase of the commercial detergent concentration 
had a negative effect on the flux recovery. Cleaning with simple caustic solution appea-
red to be more efficient for both membranes even though total flux restoration was not 
achieved for the 200nm membrane. APTEFF, 39, 1-212 (2008)   UDC:  542.816:637.344:66.013.8 
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  Figs. 5a) and 5b) represent the hydraulic cleanliness for different cleaning procedures 
for M50nm and M200nm, respectively.  From the HCC point of view the best cleaning 
procedure for the M50nm is the cleaning with 1.0% (w/w) NaOH solution, as it was 
shown through analyzing the FR. Nevertheless, the HCC generally was hard to achieve 
regardless of the used cleaning procedure. In the case of the 200nm membrane, the 
hydraulic cleanliness criterion was not satisfied at all. This might be explained by the fact 
that some of the applied cleaning procedures do not remove irreversible fouling deposits, 
which is more intensive in the case of the M200nm because of more intensive fouling in 
the pores. 
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Figure 5. Hydraulic cleanliness criterion after cleaning: a) for 50 nm membrane,  
b) for 200 nm membrane  
 
 
CONCLUSION 
 
  The performance of tubular ceramic membranes of the 50 and 200nm pore size was 
investigated both during the filtration of whey reconstituted solution and cleaning that 
followed after filtration. The permeate flux reduction was above 90%, so the membranes 
suffered significant fouling. Cleaning of the fouled 50nm membrane with 1.0% (w/w) 
sodium hydroxide solution allowed almost total flux recovery. Cleaning of the fouled 
200nm membrane with 1.0 % (w/w) sodium hydroxide solution allowed the highest flux 
recovery but just about 78%. Sodium hydroxide solution appeared to be more efficient 
compared to the detergent solution. The hydraulic cleanliness criterion was satisfied only 
for cleaning of the 50nm membrane with 1.0% (w/w) sodium hydroxide solution while 
for the 200nm it was not satisfied irrespective of the cleaning procedure.  
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РЕГЕНЕРАЦИЈА ФЛУКСА КРОЗ КЕРАМИЧКЕ ЦЕВНЕ МЕМБРАНЕ 
ОНЕЧИШЋЕНЕ ПРОТЕИНИМА СУРУТКЕ: АСПЕКТИ ЧИШЋЕЊА 
МЕМБРАНА 
 
Светлана С. Поповић, Спасенија Д. Милановић, Мирела Д. Иличић, Наташа Љ. 
Лукић и Ивана М. Шијачки 
 
  На ефикасност мембранских сепарационих процеса значајно утиче појава опа-
дања флукса услед стварања наслага филтрата на површини и/или у порама мем-
бране. На ефикасност мембранских процеса такође утиче и сам процес чишћења 
мембране у циљу регенерације флукса. У овом раду је испитивана регенерација 
флукса кроз цевне керамичке мембране величине пора 50 и 200нм. Мембране су 
онечишћене 1 ч филтрирањем реконституисаног раствора сурутке. Након тога су 
испиране чистом дејонизованом водом и чишћене раствором натријум хидроксида 
или комерцијалним детерџентом (комбинација П3 Ултрасил 67 и П3 Ултрасил 69).  APTEFF, 39, 1-212 (2008)   UDC:  542.816:637.344:66.013.8 
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 R егенерација флукса након испирања чистом водом не даје задовољавајућу ре-
генерацију флукса, иако је смањење отпора онечишћења значајно, те је хемијско 
чишћење неопходно. Практично потпуна регенерација флукса могућа је у случају 
мембране величине пора од 50нм и то коришћењем 1,0% раствора натријум хид-
роксида. У случају мембране величине пора од 200нм потпуна регенерација флукса 
није постигнута. Чишћење раствором натријум хидроксида показало се ефикасни-
јим од чишћења комерцијалним детерџентом. 
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